A survey has been made to identify and assess the shellfish resources potential along the Kalpakkam coastal waters. Stratified random sampling was used and the collected shellfish were identified down to species level. A total of 108 species belonging to 18 species of crustaceans, 86 species of molluscs, and 4 species of echinoderms were identified. A complete checklist of the entire marine faunal information around Kalpakkam coast is not available yet. Therefore, the present work was carried out and collected available information of marine shellfish around Madras Atomic Power Station (MAPS), Kalpakkam sites, India. In addition, the present checklist will provide baseline information to ecologists and taxonomists in future systematic work with respect to shellfish resources around MAPS.
Introduction
Oceans contain the largest volume of life globally, covering 70.8% of the Earth's surface. They contain the largest existing volume of the "blue" planet, inhabited by 235e2,500,000 described species, with all groups included. India is one of the 12 megacenters of biological diversity in the world. In particular, the Bay of Bengal and Arabian Sea coastline remain a high-level fishing ground in the South Asian region. Among them, macro-invertebrates particularly molluscs, crustaceans, and echinoderms play a significant ecological role in interacting actively with other species and thereby prompting benthic community structure (Bijukumar 2008; Venkataraman and Wafar 2005; Wafar et al 2011) . In addition, crustacean fishery is one of the richest resources of India and includes commercially important shrimps, prawns, lobsters, and crabs, which are significant in the tropical food chain of marine ecosystems. Although commercial trawling targets penaeid shrimps, 70e80% of the catch is through finfish, both commercial and noncommercial, and other resources such as echinoderms.
The molluscs are recognized to dominate biodiversity in the marine environment. It is one of the most visible and familiar invertebrates, which includes gastropods, bivalves, clams, oyster, octopods, squids, and snails. It is the second largest group of invertebrates in the animal kingdom next to the arthropods (Morton 1958) . The molluscs range from living organisms comprising > 100,000 species, among which there are 20,000 species of bivalves, 80,000 species of gastropods, 1,000 species of scaphopods, and 700 species of cephalopods. Since, it was found to be an appropriate significant group for local invertebrate biodiversity (Gladstone 2002) . The special group of echinoderms is widely distributed in benthic habitats from the intertidal to deep sea zones. Worldwide, w6,000 living species of echinoderms have been described; > 1,000 have been documented in the Indo-West Pacific (Guille et al 1986) . According to Dharmaraja et al (1987) , the marine fisheries along the Tamil Nadu coast was known to be healthy and had high species diversity. However, limited sources are available about the shellfish diversity and identification around Kalpakkam coast. The maintenance and management of our rich biodiversity require accurate and continuous updating of data around industrially developed areas. A complete checklist of the entire marine fauna of Kalpakkam coast is not available yet. Therefore, the present work was carried out on marine shellfish around Madras Atomic Power Station (MAPS), Kalpakkam site to facilitate any future studies on biodiversity in relation to the operation of the nuclear power plant.
Materials and methods

Physicochemical parameters
The marine monitoring program was conducted using local fisherman boat with trawler operation around MAPS coastal area (Table 1) . Offshore samples were collected between sampling locations of SE1eSE3 (Transect 1), SE3eSE5 (Transect 2), E1eE3 (Transect 3), E3eE5 (Transect 4), NE1eNE3 (Transect 5), and NE3e NE5 (Transect 6). Collections were made at 10e20 m depth in 1e 3 km and 20e30 m depth in 3e5 km distances. The seawater samples were collected in sterile plastic containers and the sediment samples were collected with the help of Van Veen grab of 0.04 m 2 . The samples were kept in clean polythene bags and transported to the laboratory for further analysis. Physicochemical parameters, for example, temperature, salinity, dissolved oxygen, and pH, were analyzed following standard methods (Strickland and Parsons 1972) . Sediment texture analysis was done following the standard method of Krumbein and Pettijohn (1938) . The percentage composition of sand, silt, and clay was calculated and the sedimentary class was established based on the nomenclature (Sheppard 1954) .
Collection and identification of marine shellfish
Trawling was undertaken roughly corresponding to the coast, within the boundaries of each location. Starting and end time of trawler operations were noted when the net reached the sea floor and hauling commenced. Nominal trawl speed (3 knots) and duration (w30 minutes) were adjusted based on sampling requirements (i.e. seafloor conditions and expected catch). The collected samples such as crustaceans, molluscs, and echinoderms were brought to the laboratory for further identification.
All collected samples were washed thoroughly with tap water and cleaned. The samples were segregated group-wise and all taxa were identified to specific, generic or other higher levels to the greatest extent possible with the help of standard taxonomic references (Clark and Rowe 1971; FAO 1998; Satyamurti 1952 Satyamurti , 1956  Sethuramalingam and Ajmal Khan 1991; Subba Rao 2003; Subba Rao and Dey 1991) . All identified species names were updated by WoRMS (World Register of Marine Species). Identified samples were labeled in plastic containers and preserved with 4% formalin solution at the Aquatic Radioecology Laboratory, ICAR-Central Institute of Fisheries Education, Mumbai, India.
Results
The water and sediment samples were collected at postmonsoon season at different locations ( Figure 1 ). The water samples were analyzed for parameters such as temperature, salinity, pH, and dissolved oxygen ( Table 2 ). The salinity ranges of the surface water were observed between 35.37 psu and 36.03 psu at 15e 20 m depth around the MAPS coastal area. The temperature ranges were 27.73e28.1 C during the study period. The pH and dissolved oxygen ranges were 7.8e8.1 and 4.40e4.73, respectively. In addition, the sediment textures observed around the MAPS coastal area and the sand, silt and clay are presented in Table 2 . The sand fraction in the sediments varied between 52.93% and 55.90% at 10e 15 m and 15e20 m depth, respectively. Comparatively, sand fraction, silt and clay were present at low levels. Silt ranges were 27.63e32.13% and the clay fraction ranges were 11.63e16.80%.
Eighteen species of crustaceans, 86 species of molluscs, and 4 species of echinoderms were identified around MAPS. The percentage composition of marine shellfish ( Figure 2 ) was predominantly molluscs (79%) followed by crustaceans (17%) and echinoderms (4%). In detail, 18 species of crustaceans were encountered, 2 orders, 8 families, and 10 genera. The Portunidae family predominated with 7 species and the Penaeidae family with 4 species. The family of Scyllaridae had 2 species and the families Calappidae, Epialtidae, Gecarcinidae, Dorippidae and Matutidae were represented with a single species each ( Table 2 ). The percentage composition of crustaceans families is described in Figure 3 .
A total of 86 species of molluscs belonged to 3 classes, 15 orders, 48 families, and 64 genera around MAPS (Table 3) . Among them, 58 species were recorded under the class Gastropoda that comprised 31 families. In addition, the maximum number of families was observed in the neogastropoda, with 18 families and 38 species. The class of Bivalves was recorded with 21 species in 8 orders and 13 families. The maximum number of families was recorded for the Veneroidea with 5 genera and 9 species. In the Cephalopoda class, there were 7 species, belonging to 4 orders and 4 families; among them, a maximum of 4 species were recorded in the Sepiidae family. The percentage composition of marine molluscs ( Figure 4 ) was also studied and the highest percentage was noted in the Gastropods (65%), followed by Bivalves (20%), and Cephalopods (15%). In terms of echinoderms, 4 species including 2 orders, four families and 4 genera were collected and identified around MAPS (Table 4 ).
Discussion
The physicochemical parameters are controlling factors in the distribution of living organisms, and different environmental (2005) recorded 705 brachyuran crab species, belonging to 28 families and 270 genera. Later on, Jayachandran (2005) listed 46 species of marine palaemonid prawns from Indian seas. In addition, Kathirvel et al (2007) described the most comprehensive review of the penaeoid prawns diversity and their economic values around the Indian coast. In particular, the Portunidae family was dominant and 13 species were recorded and only 4 species in the Calappidae. Among the Portunidae family, Scylla trnquebarica, Scylla serrata, Charybdis annulata, Charybdis smithii, Podopthalmus vigil, Thalamita crenata, and Thalamita danae species were predominant. In the present study, the above-mentioned species were not seen, however, Charybdis holites species was identified from the MAPS coastal area.
Recently, Pillai et al (2014) reported 64 species of crustaceans on the Chennai coast and dominant species such as Podopthalmus vigil, Portunus argentatus, Portunus gladiator, Thalamita integra, Charybdis cruciata, Charybdis smithii, and Charybdis feriata were recorded in the post-monsoon season. In the present investigation, Charybdis feriata was observed around MAPS. Sruthi et al (2014) reported on diversity of brachyuran crabs around the Kanyakumari coast, and they recorded 40 species belonging to 16 genera and families. The highest numbers of crab species (79) were recorded at Arukkattuthurai to Pasipattinam from Tamil Nadu, which belonged to 21 families (Varadharajan and Soundarapandian 2014) . Compared to the present study, earlier studies have recorded maximum numbers of crustaceans around Tamil Nadu coast. The environmental parameters and sediment texture of the Kalpakkam area might differ from other areas of Southeast India. Therefore, the species composition of crustaceans also varied from Kalpakkam to other parts of Tamil Nadu.
This taxonomic and biological diversity makes molluscs an attractive indicator group for biodiversity studies. In India, 3,271 molluscs are known, belonging to 220 families and 591 genera, which includes 1,900 predominant species of Gastropods, followed by 1,100 species of Bivalves, 210 species of Cephalopods, 41 species of Polyplacophora, and 20 species of Scaphopods . Nevertheless, in the present study, 86 species of marine molluscs were recorded, belonging to 3 classes, 15 orders, 48 families, and 64 genera. Since, our present finding covered limited location of Tamil Nadu coast. Earlier Sakthivel (2000) reported that, 75 species of gastropods and 33 species of bivalves around Nagapattinam and Mudasalodai coastal waters, Southeast coast of India. Later, Babu et al (2010) reported 59 species of molluscs belonging to 35 genera from 25 families at Cuddalore, and 57 species belonging to 32 genera from 24 families at Mudasalodai, Tamil Nadu coast. In addition, the marine fauna around Chennai coast were investigated by many workers. Venkatraman and Venkataraman (2012) reported 47 species of molluscs: 26 species of gastropods and 21 bivalves. Babu et al (2011) carried out a study on ornamental molluscan resources of Tamil Nadu and reported gastropods and bivalve species belonging to 21 families, and revealed that the gastropods and bivalves species are the most valuable shellfish and naturally rare and not easily available at other coastal areas.
Bivalvia 20%
Gastropoda 65% Cephalopoda 15% Figure 4 . Percentage composition of marine molluscs. Murugesan et al (2013) identified 84 species from three areas of the southeast coast, including 36 gastropods, 17 bivalves, 6 cephalopods, 13 brachyuran crabs, 5 shrimps, 2 each of stomatopods, echinoids and asteroids, and 1 scyphozoan. In the cephalopods, Hapalochlaena fasciata and Octopus areolatus in the Octopodidae family were present (Murugesan et al 2013) . However, in the present study, the Sepiidae family (Sepia aculeata, Sepia pharaonis, and Sepiella enermis were present, and in the Loligonidae family, only Loligo duvauceli was recorded. Elaiyaraja et al (2013) documented that 61 species of gastropods belonged to 42 genera, which comprised families from the Palk Bay region of the Southeast coast of India. Recently, Anandaraj et al (2012) recorded 40 species of molluscs, including 20 species of gastropods and 20 species of bivalves at Thanjavur coast of Tamil Nadu. In bivalves, some dominant species such as Anadara inequivalivis, Pholas orientalis, and Solan lamarkii were recorded (Anandaraj et al 2012) . However, in the present study, the dominant species of Perna viridis, Mimachlamys crassicostata, Strigilla splendida, Donax purpurascens, Donax cuneatus, Donax purpurascens, Atrina vexillum, and Siliqua radiate were recorded around the MAPS coast. Sakthivel and Antony Fernando (2014b) reported 75 species of marine molluscs in Mudasalodai and Nagaipattinam coast, Tamil Nadu. The present study reported mollusc species that predominantly comprised 58 gastropods, 21 bivalves, and 7 cephalopods. There are limited published data available concerning echinoderms. Recently, in Tamil Nadu coast (Mudasalodai and Nagaipatinam), echinoderms species were collected and identified by Sakthivel and Antony Fernando (2014a) . There were 14 species of echinoderms in Mudasalodai and 11 species in Nagaipatinam. In the present study, only 4 species of echinoderms were recorded, belonging to the Astropectinidae family, around the MAPS coast, Tamil Nadu. The deviation in number of species reported may have been due to different collection methods. Most of the reports were based on the catch collection and dependent upon the trash collection dumped near the landing point. In addition, the ecological parameters such as temperature, salinity, pH, and sediment texture also play a significant role in this ecosystem, and the predominant species also varied with location due to different environmental conditions.
In conclusion, marine shellfish research has increased during recent decades. In addition, database development has now advanced to the point of having geographic and temporal records of every known species. In this context, information about the shellfish resources and their diversity around MAPS sites will add value to shellfish studies and be useful for future work. Moreover, these findings will assist ecologists and taxonomists in future systematic work in view of the important role of marine shellfish in the ecosystem, as well as providing baseline information around Kalpakkam coast.
